Summary: Morphometric analysis of the human cervical large motoneurons in the anterior horn was performed in 7 male cadavers with the help of an image-analyzer and the use of a new tissue preparation method which minimizes shrinkage. This method makes it possible to precisely evaluate the size of cervical motoneurons at each level. Our study revealed a difference in number, average area and total area of the motoneurons between C1-C3 and C4-C7 levels. This results can be of importance in setting standard values for the understanding of morphological and functional correlations.
There have been few morphometric studies of the variations in numbers of motoneurons at the individual levels4'6'7). These studies revealed a marked difference in the numbers of motoneurons at the individual lumbosacral segments. Quantitative studies on both the numbers and the transverse areas of motoneurons were conducted by Zhang et al8). They used a combination of an image analyzing digitizer, a microscope with a drawing tube and a computer for structure tracing, data storing and statistical analyzing, which makes it possible to measure irregularly-shaped areas with a high degree of accuracy. Goto3) has conducted a quantitative study on the areas of the gray matter and the white matter for level diagnosis of the spinal cord. The present study is the first to be conducted on the sizes of the motoneurons at different levels.
Methods
We examined seven male cervical spinal cords which had been removed from cadavers for anatomic dissections. The age at death ranged from 41 to 61 years (average: 53.3 ± 7.3). The causes of death were not related either directly or indirectly to the central nervous system, and no pathologic changes were found in the spinal cord on microscopic examination. The spinal cords in our study were therefore considered to be normal. For fixation, 10% formalin (3.7% to 4.0% formaldehyde) was injected through the femoral artery using a pulsation pump; blood was drained through the bilateral femoral and jugular veins. The spinal cord was removed en bloc together with the meninges including the dura mater and placed in a 10% solution of formalin. This was followed by secondary fixation with a mixed solution of 5% potassium dichromate and 5% potassium chromate (1 : 4 in volume) for 3 weeks. Tissue blocks from the cervical spinal cord (from C1 to C8) were washed in running tap water, dehydrated with alcohol, embedded in celloidin, cut transyersely into 20 urn-thick sections, and stained with the Luxol fast blue-periodic acidSchiff-hematoxylin2) or Luxol fast blue-cresyl violet (Kliiver-Barrera) methods. For the measurement and analysis of sections, a combination of an electronic optical planimeter (Digitizer KC 3300, Graphtec Co, Japan) and a computer (PC-9801 VX2, NEC, Japan) was adopted to count the number of motoneurons on both sides and to measure the area of the transverse section of the motoneurons in Rexed's lamina IX at each section of the cervical spinal cord from Ci to Cg. The data from each level were presented as mean ± S.D. (Standard Deviation) and were evaluated through t test analysis.
Results

Mean number of motoneurons at each level
The number of motoneurons in the human cervical spinal cord having a nucleolus in the nucleus ranged from 15 to 83 (mean: 39.6 + 16.2, bilateral counts per section). The mean number of motoneurons (Table 1, Figs. 1 and 2 ) was definitely larger at levels C4, C5, C6 and C7 than at levels C1, C2 and C3. Only level C8 stands apart and cannot be included in either group.
Mean transverse area
The average transverse area of the motoneurons in the cervical spinal cord ranged from 407.6 to 902.8 pm2 (mean: 617.6 + 107.4m2). The mean transverse area of the motoneurons (Table 2, Figs. 3 and 4) was larger at levels C4 to C8 than at levels Cl to C3, with a smaller difference for levels C5 and C8.
Total transverse area As for the total transverse area of the motoneurons in the cervical spinal cord of the 7 cadavers, it ranged from 5,313.9 to 61,984.81m2 (mean: 25,489.3 + 13,101.4 pm2). The total transverse area of the motoneurons (Table 3 , Fig. 5) were definitely larger at levels C4, C5, C6 and C7 than at levels C1, Table 1 . Number of motoneurons at each level Table 2 . Average transverse area (.1m2) of the motoneurons at each level C2 and C3. Again, level C8 stands apart and falls somewhere between the two groups.
Discussion
Rexed5) classified the spinal cord gray matter into 10 laminae which he numbered, roughly from dorsal to ventral (The original study was conducted on the cat, but the data are applicable to other species as well). Lamina IX consists of several distinct clusters of large somatic motoneurons that occupy somewhat different positions within the anterior gray horn at various spinal levels. The cervical enlargement contains a larger number of clusters made up of more numerous. The anterior horn cells of this lamina are large multipolar neurons (30 to 7011M in soma diameter) with central nuclei, coarse Nissl bodies and multipolar dendrites. These large motor cells that innervate striate muscles are referred to as alpha (a) motoneurons; scattered among them are smaller gamma (y) neurons that give rise to efferent fibers that emerge via the ventral root and innervate the contractile elements of the muscle spindle. Gamma efferent fibers play an essential role in the maintenance of muscle tone and bring the muscle spindle under control of spinal and supraspinal influences"). Our investigation has demonstrated that there are considerable and significant differences not only in the numbers and mean areas of the motoneurons but also in the total area of the motoneurons at each individual level. The difference in numbers is the largest between the third and the fourth cervical segments, with almost equally high counts from the fourth to the seventh segments. A similar variation applies to mean areas and total areas. It is tempting to speculate that the higher counts in levels C4 to C8 (brachial plexus) are associated with the greater bulk of upper arm muscles and forearm muscles. Unfortunately, we could make no precise observation on muscular mass in the upper arm and forearm in this study. Everybody knows that the shape of the upper arm is different from that of the forearm, but we do not know whether this difference is attributable to the number or to the size of muscle fibers. Starting with the number of muscle fibers, we notice that levels C1 to C3, which control the smaller neck muscles, contain fewer neurons than levels C4 to C8, which control the larger arm muscles. A similar correlation seems to appear between muscle size and the size of the related motoneurons. For example, we can see that larger-sized motoneurons at levels C4 to C8 control the powerful upper limb muscles: deltoid (C4, C5, C6), biceps brachial (Co, C7) and triceps brachial (C6, C7, C8). Therefore, there seems to be a correlation between the number of muscle fibers and the size of muscle fibers on the one hand and the number of related motoneurons on the other. However, only a formidably timeconsuming morphometry of all muscle fibers could substantiate or refute such hypothesis. It will have to remain a theory for the time being. 
